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FLUOR I NAT! OH CATALYST AND PROCESS 

This invention relates to an improved fluorination 
catalyst and to a process for the production of fluorinated 
hydrocarbons by the catalysed reaction of hydrocarbons and 
halogenated hydrocarbons with hydrogen fluoride. The 
invention relates in particular to a promoted alumina, 
halogenated alumina or aluminium oxyhalide catalyst and 
relates in a particular embodiment to a process for the 
production of 1 , 1 , 1 , 2- tetraf luoroethane by the catalysed 
reaction of l-chloro-2 , 2 , 2- tetraf luoroethane with hydrogen 
fluoride . 

The production of fluorinated hydrocarbons, which may 
also contain halogen atoms other than fluorine, by the 
catalysed vapour-phase fluorination of hydrocarbons and 
halogenated hydrocarbons with hydrogen fluoride is well 
known and numerous catalysts have been proposed for use in 
such process. Catalysts comprising or based on chromium and 
in particular chromia are frequently employed in the known 
processes. Furthermore, it has also been proposed to promote 
the activity of these chromium containing catalysts by the 
incorporation in the catalyst of an activity promoting 
amount of certain metals, for example zinc, nickel, cobalt 

and manganese. 

Thus, for example chromia or a halogenated chromia may 
be used in the vapour-phaBe reaction of trichloroe thy lene 
with hydrogen fluoride to produce 

l-chloro-2, 2, 2-trif luoroethane as described in GB Patent 
1,307,224 and in the vapour-phase reaction Of 
l-chloro-2, 2, 2-trif luoroethane with hydrogen fluoride to 
produce 1 , 1 . 1 , 2-tetraf luoroethane as described in GB Patent 
1,589,924. The same catalyst may be used for the 
fluorination of chlorodif luorethylene to 
l-chloro-2, 2, 2-trif luoroethane. GB Patent 1,589,924 
describes the removal of chlorodif luoroethylene impurity 
from 1, 1,1, 2-tetraf luoroethane by reacting the impurity with 
hydrogen fluoride . 
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Catalysts may also comprise chromium upon a metal 
oxide, halogenated oxide or oxyfluoride support, for example 
alumina or magnesia, and during the fluorination process in 
which the catalyst is employed, the chromium may be 
converted to chromia, halogenated chromia or a chromium 
oxyfluoride. It has now been found that whilst in the 
absence of chromium, these supports show very little 
catalytic activity alone. Borne supports may be given a 
significant activity by the incorporation of an activity 
promoting amount of zinc. 

According to the present invention there is provided a 
chromium-free fluorination catalyst comprising an 
activity-promoting amount of zinc or a compound of zinc 
supported on an alumina, halogenated alumina or aluminium 
oxyhalide support . 

According to the invention also there is provided a 
process for the production of fluorinated hydrocarbons which 
comprises reacting a hydrocarbon or a halogenated 
hydrocarbon with hydrogen fluoride in the vapour phase in 
the presence of a fluorination catalyst as defined in the 
immediately preceding paragraph. 

The amount of zinc incorporated in the catalyst is such 
as to result in promotion of the activity of the alumina, 
halogenated alumina or aluminium oxyhalide into which the 
zinc promoter is incorporated. The amount is important since 
the incorporation of too much of the zinc promoter may 
result in a decrease rather than an increase in catalyst 
activity when compared to the activity of the catalyst when 
the optimum amount of zinc promoter is incorporated and it 
is only when the zinc promoter is present in the correct 
amount that optimum activity promotion occurs. 

The amount of zinc promoter incorporated in the 
catalyst to achieve significant activity promotion will 
depend upon the basic support employed, in particular the 
surface area of the support and upon the method used to 
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prepare the improved catalyst. However, for any particular 
support and catalyst preparation method, the optimum amount 
of zinc promoter is readily determined by simple routine 
experiment. Overall, the amount of zinc will usually be in 
the range from about 0.51 to about 30Z, and preferably from 
about 1.5Z to about 25Z by weight of the catalyst. 

The optimum amount of zinc incorporated depends on the 
surface area of the catalyst, in particular the "working* 
surface area of the catalyst 1 . The working surface area of 
the catalyst is the surface area of the catalyst measured 
after catalyst preparation and pre-treatment with hydrogen 
fluoride (as described hereafter) or, if the catalyst is not 
pre-treated with hydrogen fluoride, after the catalyst has 
been employed in a vapour phase fluorination reaction in 
which hydrogen fluoride is employed. The working surface 
area of the catalyst may be in the range from about 10 to 
about 100m 2 /g, typically from about 10 to about 50 m 2 /g. 
Where the catalyst is prepared from alumina, alumina with a 
surface area of from about 50m 2 /g to about 400m 2 /g, giveB a 
catalyst after preparation and pre-treatment with a working 
surface area in the defined range. The catalyst may be 
prepared from starting aluminas having a surface area from 
about 50m 2 /g to about 250m 2 /g and preferably from about 
150m 2 /g to about 250m 2 /g. 

As stated above, the amount of promoter incorporated in 
the catalyst also depends upon the catalyst preparation 
employed. The effective part of the catalyst is believed to 
be the surface of the support containing zinc promoter 
cations located in an alumina, halogenated alumina or 
aluminium oxyhalide lattice and it is the amount of such 
surface zinc promoter which determines the activity of the 
catalyst. The activity-promoting effect of the zinc promoter 
per unit weight of the zinc promoter is generally higher for 
catalysts made by impregnation than for catalysts made by 
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other methods and containing the zinc promoter in 
non-surface locations . 

By way of example, in the case of zinc incorporated by 
impregnation on an alumina support, the alumina used to 
prepare the catalyst having a surface area of 180m 2 /g f 
optimum activity promotion results vhen the amount of zinc 
is within the range of about 0.52 by weight to about 102 by 
weight of the catalyst, preferably within the range from 
about 0.52 to about 62, more preferably in the range from 
about 1.52 to about 42 and especially in the range from 
about 1.52 to about 3.52; less than 0.52 by weight of zinc 
may be insufficient to result in significant promotion of 
catalyst activity whilst more than about 82 by weight of 
zinc may result in no significant increase in cat'alyBt 
activity when compared to the activity promotion provided by 
the above optimum ranges of zinc. By contrast, in the case 
of a catalyst prepared by co-pr ecipi ta t ion and in which 
significant amounts of zinc are incorporated in non-surface 
locations, the amount of zinc may be within the range from 
about 32 to about 302 by weight of the catalyst, preferably 
from about 42 to about 252 by weight of the catalyst, 
especially from about 52 to about 152 by weight of the 
catalyst. 

The zinc promoter may be incorporated in the catalyst 
in the form of a compound, for example a halide, oxyhalide, 
oxide or hydroxide depending at least to some extent upon 
the catalyst preparation technique employed. In the case 
where catalyst preparation is by impregnation of aluminium 
oxide, halogenated aluminium oxide or aluminium oxyhalide 
support, the compound is preferably a water-soluble salt, 
for example a halide, nitrate or acetate, and is employed as 
its aqueous solution. The hydroxides of the promoter and 
aluminium may be co-precipitated and then converted to the 
oxides to prepare the catalyst. Mixing and milling of 
insoluble zinc compounds with the basic catalyst provides a 
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further method of preparing the catalyst. A method for 
making catalysts based on aluminium oxyhalide comprises 
adding a compound of the promoter to hydrated aluminium 
fluoride and calcining the mixture. 

Any of the aforementioned methods or indeed other 
methods may be employed for the preparation of the zinc 
promoted catalysts of the present invention. 

The fluorination catalyst will usually be subjected to 
a pref luorination treatment with hydrogen fluoride and 
optionally an inert diluent prior to use in the catalysis of 
fluorination reactions. A typical pretreatment comprises 
heating the catalyst at 250°C to 450°C in contact with 
hydrogen fluoride, or a mixture of hydrogen fluoride and 
air. Consequently the working catalyst is believed to be at 
least partially zinc fluoride supported on fluorinated 
alumina or aluminium oxyfluoride. 

The catalyBt may be UBed in the form of pellets or 
granules of appropriate size for use in a fixed bed or a 
fluidised bed. It may be regenerated or reactivated 
periodically by heating in air at a temperature of from 
about 300°C to about 500°C. Air may be used as a mixture 
with an inert gas such as nitrogen or with hydrogen fluoride 
which emerges hot from the catalyst treatment process and 
may be used directly in vapour phase fluorination processes. 

The activity of the base (unpromoted) alumina, 
halogenated alumina or aluminium oxyhalide catalyst is 
enhanced by the incorporation of the promoter. The 
selectivity of the reaction catalysed by the catalyst 
towards the production of 1 , 1 , 1 , 2- te traf luor oethane from 
l-chloro-2 , 2 , 2-trif luoroethane and hydrogen fluoride may be 
at least as high as that using the corresponding unpromoted 
catalysts, typically in excess of 852. 

If desired, the catalyst may contain one or more metals 
other than zinc, for example nickel, copper, manganese, 
cobalt, and iron, and in particular iron, cobalt and copper 
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since the presence of one or more of these metals may 
enhance the extent to which catalyst activity may be 
restored by regeneration of the catalyst. At the 
particularly preferred loadings of zinc, we generally prefer 
to employ only zinc or at least predominantly zinc, with 
only small amounts, say less than 2. 02 by weight, preferably 
less than 1.52 by weight and especially less than 1.02 by 
weight of other metals present. Where however, the catalyst 
comprises a relatively high loading of zinc, say for example 
in the case of a catalyst prepared by impregnation, greater 
than about 32, preferably greater than about 4Z and 
especially greater than about 52 by weight zinc, we prefer 
to incorporate small amounts of iron, in particular, in 
addition to zinc, for example to incorporate an amount of 
iron in the range from about 0.12 by weight to about 22 by 
weight, preferably from about 0.12 by weight to about 1.52 
by weight and more preferably from about 0.52 to about 1.52 
by weight of the catalyst. The ratio (wt2 based on the 
weight of the catalyst) of zinc to iron is preferably in the 
range from about 80:1 to about 2:1. more preferably in the 
range from about 16:1 to about 2:1. This ratio is preferred 
irrespective of the absolute amounts of zinc and iron in the 
catalyst. 

Thus, although the absolute amounts of zinc and iron 
may be higher, for example at least 62, preferably at least 
102 zinc by weight of the catalyst, and an amount of iron in 
the range from about 0.22 to about 122, preferably from 
about 0.42 to about 4.52 by weight of the catalyst, in 
respect of catalysts prepared by methods, for example 
co-precipitation, which lead to significant amounts of zinc 
and iron being incorporated in the catalyst in non-surface 
locations, the relative amounts of zinc and iron (wt2 based 
on the weight of the catalyst) is also preferably within 
the ranges given above. 
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A further feature of the invention resides in use of 
the promoted catalyst in fluorination processes comprising 
reaction of a hydrocarbon or halogenated hydrocarbon vith 
hydrogen fluoride in the vapour-phase . 

Alkenes (unsaturated hydrocarbons) and in particular 
halogenated alkenes, for example trichloroe thylene or 
halogenated alkanes of 1-4C atoms preferably containing at 
least one chlorine atom may be fluorinated and examples of 
specific f luorina tions which may be effected are the 
production of 1 , 1 , 1 t 2- tetraf luoroethane from 
l-chloro-2 ,2. 2- tr if luoroethane , the production of 
l-chloro-2, 2, 2-trif luoroethane from trichloroe thylene and 
the conversion of l-chloro-2 , 2-difluoroe thylene to 
l-chloro-2, 2, 2-trifluoroethane. Examples of other 
fluorination reactions in which the catalyst is useful are 
the reaction of per chloroethylene with hydrogen fluoride in 
vapour phase to produce dichlorotrif luoroethane (123), 
chlorotetraf luoroethane ( 124 ) and /or pentaf luoroethane 
(125), and the reaction of perchloroethy lene with chlorine 
and hydrogen fluoride in vapour phase to produce 
trichlorotrif luoroethane (113) , dichlorotetraf luoroethane 
(114/114a) and/or chloropentaf luorothane (115). 

The fluorination conditions employed may be those known 
to be useable when employing chromia or halogenated chromia 
as the catalyst, for example atmospheric or supera tmospher ic 
pressure, hydrogen fluoride and temperatures in the range of 
180°C to about 500°C depending upon the particular 
fluorination reaction being carried out. 

However, the increased activity of the promoted 
catalyst permits reactions to be carried out without loss of 
efficiency at significantly lower temperatures than those 
required to achieve similar activity using the unpromoted 
alumina. For example whilst yields of only 0.5Z 
1 , 1 , 1 , 2-tetraf luoroethane from 

l-chloro-2 , 2 ,2-trif luoroethane may be achieved at 
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atmospheric pressure when using the relatively high 
temperature of 360°C or above when using unpromoted alumina, 
a lover temperature of say 280°C is sufficient to achieve 
greater reaction efficiency using a rinc-promoted alumina. 
Alternatively, if the temperature is the same, say 300°C r a 
shorter contact time is required using the promoted 
catalyst . 

A preferred embodiment of the process of the 
invention resides in a process for the preparation of 
1, 1, l f 2-tetraf luoroethane which comprises reacting 
l-chloro-2.2,2-trifluoroethane with hydrogen fluoride in the 
vapour phase in the presence of the promoted catalyst of the 
invention. This process may be carried out under atmospheric 
or superatmospheric pressure at a temperature of from about 
280°C to 500°C. 

The process may be one stage of a two or three-stage 
process, for example it may be the second stage of a process 
for the production of 1 , 1 , 1 , 2-tetraf luoroethane from 
trichloroethylene, the first stage being the vapour-phase 
fluorination of trichloroethylene with hydrogen fluoride in 
the presence of a fluorination catalyst to produce 
l-chloro-2,2,2-trifluoroethane. The promoted catalyst of 
the invention may be used in the first stage as well as in 
the second stage of this two-stage process. Typical reaction 
conditions for the the first stage are atmospheric or 
superatmospheric pressure and a temperature in the range of 
about 180°C to about A00°C. 

The production of 1,1,1 , 2-tetraf luoroethane from 
l-chloro-2, 2, 2-trif luoroethane results in a product stream 
containing the toxic impurity 

l-chloro-2, 2 f -dif luoroe thylene . This impurity can be removed 
by reacting it with hydrogen fluoride in the vapour phase in 
the presence of a fluorination catalyst at a temperature 
below about 270°C, for example 150°C to 270°C. The promoted 
catalyst of the invention may be employed in this reaction. 
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thus providing a three-stage process for the preparation of 
1,1,1, 2-tetraf luoroethane essentially free from 
l-chloro-2, 2-difluoroethylene from trichloroe thy lene using 
the promoted catalyst in one or more of each of the three 
reaction stages. 

A particularly preferred embodiment of the 
above-described two-stage process for preparing 
1,1,1,2-tetrafluoroethane from trichloroethylene comprises 
the steps of: 

(A) contacting a mixture of 

l-chloro-2, 2, 2-trif luoroethane and hydrogen fluoride with a 
fluorination catalyst at a temperature in the range from 
about 280 to about A50°C in a first reaction zone to form a 
product containing 1,1,1,2-tetrafluoroethane and hydrogen 
chloride together with unreacted starting materials, 

(B) passing product of step A together with 
trichloroethylene to a second reaction zone containing a 
fluorination catalyst at a temperature in the range from 
about 180°C to about 400°C but lower than the temperature in 
step A to form a product containing 

l-chloro-2, 2 , 2-trif luoroethane , 1,1,1, 2-tetraf luoroethane , 
hydrogen chloride and unreacted trichloroethylene and 
hydrogen fluoride, 

(C) treating product of step B to separate hydrogen 
chloride and 1,1,1,2-tetrafluoroethane from 

l-chloro-2, 2, 2-trif luoroethane , unreacted hydrogen fluoride 
and unreacted trichloroethylene; and 

(D ) feeding l-chloro-2, 2 , 2-trif luoroethane obtained 
from step C together with hydrogen fluoride to said first 
reaction zone step (A), 

wherein a chromium-free fluorination catalyst as previously 
described herein is employed in at least one of steps (A) 
and ( B ) . 

At least the stoichiometric amount of hydrogen fluoride 
is usually employed in step A of the preferred embodiment. 
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Typical amounts include from 1 to 10 moles, and preferably 
from 1 to 6 moleB, of hydrogen fluoride per mole of 
l-chloro-2, 2. 2-trif luoroethane. Accordingly, the product of 
this reaction step will usually contain unreacted hydrogen 
fluoride in addition to 1,1,1,2- tetraf luoroethane , hydrogen 
chloride and by-products. Preferred reaction temperatures 
for this stage of the process are in the range from 325°C to 
385°C with contact times of from 1 to 100 and preferably 
from 5 to 30 seconds at 5 to 20 bars pressure. 

From 10 to 100, preferably from 15 to 60, moles of 
hydrogen fluoride per mole of trichloroethylene are 
typically employed in Step B. Again, the reaction product of 
this stage will normally contain unreacted hydrogen 
fluoride. Contact times of 1 to 100 seconds, preferably 5 to 
30 seconds may be used, typically at 220-350°C and 5 to 20 
bars pressure. 

It is preferred that the process according to the 
invention, including preferred embodiments, is operated 
continuously. In practice, however, catalyst deactivation, 
necessitating periodic catalyst regeneration or reactivation 
may interrupt continuous operation of the process. The 
feeding of air to the catalyst during operation of the 
process may counter catalyst deactivation and reduce the 
frequency of process interruption for catalyst regeneration 
or reactivation. 

The invention is illustrated but in no way limited by 
the following examples. 

EXAMPLES 1 TO 7 

4.79g of alumina (supplied by Harshaw Ltd) in the form 
of granules of size 0.5-1. 4mm, and having a surface area of 
180m 2 /g, was added to an aqueous solution of zinc chloride 
(0.21g) in distilled water (10ml) and stirred to ensure 
thorough wetting of the solid by the solution. The mixture 



WO 93/16798 



- 11 - 



PCI7GB93/00244 



was then dried by direct heating and the resultant solid 
sieved to give particles of size 0,5-1. 4mm of a finished 
catalyst comprising about 2.0Z w/w zinc on alumina. The 
above procedure was repeated except that zinc chloride 
solutions of increasing concentration vere employed in order 
to produce a range of finished catalysts with up to 6.6Z w/w 
zinc in the finished catalyst. The fluorination activities 
of the zinc promoted aluminas were measured using an 
atmospheric pressure microreactor . Catalysts (2g) were 
charged to a 1/4" diameter microreactor and were conditioned 
in a stream of HF at 300°C for 1 hour and then heated to 
350°C and further conditioned in an air/EF (ratio 1:20) 
stream for approximately 15hrs. 

The microreactor was then fed with a mixed 
l-chloro-2, 2,2-trif luoroethane (133a) and HF feed using a 
molar feed ratio of 1.0:3.5, which gave a 2 second contact 
time at 300°C. 

For purposes of comparison the unpromoted alumina from 
which the promoted aluminas were prepared was also tested. 

The results of the study are presented as Z yields of 
1 , 1 , 1 , 2- tetraf luoroethane in Table 1 and demonstrate the 
beneficial effect of zinc addition to alumina on increasing 
the yield of 1 t 1 , 1 , 2- tetraf luoroethane (134a). 

The activity of the zinc-impregnated alumina catalyst 
reached a peak at a zinc content in the range of about 22 to 
about 3Z w/w. 
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TABLE 1 



FYAMPT P 


UAiALI a 1 


REACTION TEMPERATURE (° 


C ) 






360 


350 


34 0 


330 


4 1 A 

320 


1 


0 .5ZZn-A1203 


6.3 


4.3 


1.96 


- 


- 


2 


1.0ZZn-A1203 


7 ^ 




"3 9 7 






3 


2. 0ZZn-A1203 


20.1 


17.2 


11.3 






4 


2.2ZZn-A1203 




16.5 


11.0 


7.4 


4.9 


5 


3 . 0ZZn-A1203 


18.7 


15.1 


11.2 






6 


4 .4ZZn-Al20 3 


13.6 


9.4 


6.6 






7 


6.6ZZn-Al203 


10.6 


8.1 


6.3 






Comp 

; 


A1203 


0.25 


0.15 


0.09 


1 





EXAMPLE 8. 

4.39g of alumina (supplied by Harshav Ltd) in the form 
of granules of size 0.5-1. 4mm, and having a surface area of 
180m 2 /g, was added to an aqueous solution of nickel (II) 
chloride hexahydrate (0.41g) and zinc chloride (0.21g) in 
distilled water (5ml) and stirred to ensure thorough wetting 
of the solid by the solution. The mixture was then dried by 
direct heating and the resultant solid sieved to give 
particles, of sire 0.5-1. 4mm, of a finished catalyst 
comprising about 2.0Z w/w zinc and about 21 w/w nickel on 
alumina . 

2g of this catalyst was tested at atmospheric pressure 
according to the procedure of examples 1 to 7. 

For purposes of comparison the activity of catalysts 
comprising 2Z and 3.8Z by weight nickel on alumina, prepared 
from an aqueous solution of nickel (II) chloride as 
described above were also measured. The atomic loading of 
the 3.8Z nickel on alumina catalyst is the same as that of 
the catalyst containing 2Z zinc and 2Z nickel. 
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The results of the study are shown as 2 yields of 
1 , 1 , 1 , 2-tetraf luoroethane in Table 2 and demonstrate the 
beneficial effect of zinc/nickel addition to alumina 
compared to alumina alone, but nevertheless inferior effect 
of zinc/nickel addition compared to zinc addition alone and 
the even poorer effect of nickel addition alone. 



TABLE 2 



EXAMPLE 


CATALYST 


REACTION TEMPERATURE ( °C ) 






340 


330 


320 


310 


300 


8 


2Z2n/2ZNi-A1203 


6.4 


5.1 


3.6 


2.7 


1.9 


Comp 


22Ni-Al 2 0 3 


3.1 


2 . 3 


1.6 


1.1 


0.7 


Comp 


3.82Ni-Al 2 0 3 


2.6 


1.8 


1.3 


0.8 


0.5 



EXAMPLE 9. . 

4.39g of alumina (supplied by Harshaw Ltd) in the form 
of granules of size 0.5-1. 4mm, and having a surface area of 
180m2/g, was added to an aqueous solution of cobalt (II) 
chloride hexahydrate (0.404g) and zinc chloride (0.21g) in 
distilled water (5ml) and stirred to ensure thorough wetting 
of the solid by the solution. The mixture was then dried by 
direct heating and the resultant solid sieved to give 
particles of size 0.5-1. 4mm of a finished catalyst 
comprising 2.0Z w/w zinc and 21 w/w cobalt on alumina. 

2g of this catalyst was tested at atmospheric pressure 
according to the procedure of examples 1 to 7. 

For purposes of comparison the activity of catalysts 
comprising 22 and 3. 82 by weight cobalt on alumina, prepared 
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from an aqueous solution of cobalt (II) chloride as 
described above, were also measured. The atomic loading of 
the 3.8Z cobalt on alumina catalyst is the same as that of 
the catalyst containing 21 zinc and 21 cobalt. 

The results of the study are shown as Z yields of 
1 , 1 , 1 , 2-tetraf luoroethane in Table 3 and demonstrate the 
beneficial effect of zinc/cobalt addition to alumina 
compared to alumina alone, but nevertheless inferior effect 
of zinc/cobalt addition compared to zinc addition alone and 
the even poorer effect of cobalt addition alone. 



TABLE 3 



EXAMPLE 


CATALYST 


REACTION TEMPERATURE ( °C ) 






340 


330 


320 


310 


300 


9 


2ZZn/2ZCo-A1203 


10.9 


7.0 


5.6 


3.6 


2.8 


Comp 


2ZCo-Al 2 0 3 


3.8 


2.6 


1.5 


1.0 


0.5 


Comp 


3.8ZC0-AI2O3 


1 

: 3.4 


2.5 


1.8 


1.3 


0.9 
1 



EXAMPLE 10. 

4.43g of alumina (supplied by Harshav Ltd) in the form 
of granules of size 0.5-1.4mm t and having a surface area of 
180m 2 /g t was added to an aqueous solution of manganese (II) 
chloride tetrahydrate (0.36g) and zinc chloride (0.21g) in 
distilled water (5ml) and stirred to ensure thorough wetting 
of the solid by the solution. The mixture was then dried by 
direct heating and the resultant solid sieved to give 
particles of size 0.5-1. 4mm of a finished catalyst 
comprising 2.0Z w/w zinc and 2Z w/w manganese on alumina. 
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2g of this catalyst was tested at atmospheric pressure 
according to the procedure of examples 1 to 7 . 

For purposes of comparison the activity of catalysts 
comprising 22 and 3.68Z by weight manganese on alumina, 
prepared from an aqueous solution of manganese (II) chloride 
as described above, were also measured. The atomic loading 
of the 3.682 manganese on alumina catalyst is the same as 
that of the catalyst containing 22 zinc and 22 manganese. 

The results of the study are shown as 2 yields of 
1 , 1 , 1 , 2-tetraf luoroethane in Table 4 and demonstrate the 
beneficial effect of zinc /manganese addition to alumina 
compared to alumina alone, but nevertheless inferior effect 
of zinc /manganese addition compared to zinc addition alone 
and the even poorer effect of manganese addition alone. 



TABLE 4 



EXAMPLE 


CATALYST 


REACTION TEMPERATURE (°C) 






340 


330 


320 


310 


10 


22Zn/22Mn-A1203 


10.5 


7.7 


6.7 


4.5 


Comp 


2ZMn-Al 2 03 


1.0 


0.7 


0.4 


0.3 


Comp 


3 . 682Mn-Al 2 0 3 


0.6 


0.5 


0.3 


0.2 



EXAMPLES 11 to 20. 

4.30g of alumina (supplied by Harshaw Ltd) in the form 
of granules of size 0.5-1. 4mm, and having a surface area of 
180m 2 /g, was added to an aqueous solution of iron (III) 
chloride (0.07g) and zinc chloride (0.63g) in distilled 
water (10ml) and stirred to ensure thorough wetting of the 
solid by the solution. The mixture was then dried by direct 
heating and the resultant solid sieved to give particles, of 
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size 0*5-1. 4mm, of a finished catalyst comprising 6.01 w/w 
zinc and 0.5Z v/w iron on alumina. The above procedure vas 
repeated except that iron (III) chloride and zinc chloride 
solutions of different concentrations were used to give a 
range of finished catalysts having the zinc and iron 
loadings shown in Table 5. 

2g of each of these catalysts were tested at 
atmospheric pressure according to the procedure of examples 
1 to 7. 

For purposes of comparison the activity of a catalyst 
comprising 2Z by weight iron on alumina, prepared from an 
aqueous solution of iron (III) chloride as described above, 
was also measured. The atomic loading of the 61 v/w zinc and 
0.5Z v/v iron on alumina is equal to that of the 6.62 v/v 
zinc on alumina catalyst (example 7) and the activity of the 
catalyst of example 7 and examples 3, 5 and 6 are also shown 
belov for the purposes of comparison. 

The results of the study are shown as Z yields of 
1,1,1, 2-tetraf luoroethane in Table 5 and demonstrate the 
beneficial effect of zinc/iron addition to alumina compared 
to the addition of iron alone or zinc alone at relatively 
high loadings of zinc and zinc to iron ratios of greater 
than 2:1. 
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TABLE 5 



10 



15 



20 



25 



30 



EXAMPLE 


CATALYST 1 


REACTION TEMPERATURE ( °C ) 






360 


350 


340 


330 


320 


11 


2ZZn/12Fe-Al203 


13 .2 


11.6 


8.9 


- 


- 


12 


2ZZn/2ZFe-A1203 


13.9 


10.5 


8.5 


- 


- 


13 


3ZZn/lZPe-Al 2 0 3 


19.3 


16.3 


10.9 


- 


- 


14 


3ZZn/2ZFe-A1203 


16.0 


12.6 


9.7 


7.6 


- 


15 


3ZZn/3ZFe-A1203 


10.9 


9.4 


6.9 


- 


- 


16 


3ZZn/5ZFe-A1203 


9.8 


8.9 


6.9 


- 


- 


17 


4ZZn/lZFe-A1203 


13.4 


12.4 


9.9 




- 


18 


4ZZn/2ZFe-A1203 


12.2 


6.9 


7.7 


5.9 


- 


19 


6ZZn/0.5ZFe-A1203 


13.4 


13.7 


9.9 


6.5 


4 .5 


20 


6ZZn/1.5ZFe-A1203 




13.4 


9.4 


8.5 


5.4 


Coznp : 


2ZFe-Al20 3 


1.0 


0.6 


- 


• 


- 


3 


2ZZn-Al 2 0 3 


20.1 


17.2 


11.3 






5 


3ZZ11-AI2O3 


18.7 


15.1 


11.2 






6 


4.4ZZn-Al 2 0 3 


13.6 


9.4 


6.6 






7 


6.6ZZn-Al 2 0 3 


10.6 


6.1 


6.3 







35 
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EXAMPLES 21 to 25. 

The following examples illustrate that of the metal 
species tested in conjunction with zinc only iron gives a 
more active catalyst than the 6,61 by weight zinc on alumina 
catalyst. 

The catalysts were prepared according to the method 
described previously for examples 1 to 12 except that the 
solutions to which the alumina was added were as follows: 

Example 21 same as example 12, 

Example 22 4.07g of alumina added to an aqueous solution of 
0.63g of 2nCl2 and 0.3g of C0CI2 hexahydrate in 10 ml of 
water. 

Example 23 4.07g of alumina added to an aqueous solution of 
.0.63g of 2nCl2 and 0.3g of NiCl2 hexahydrate in 10 ml of 
water . 

Example 24 4.04g of alumina added to an aqueous solution of 
0.63g of 2nCl 2 and 0.34g of Mn(CH 3 C0 2 )2 tetrahydrate in 10ml 
of water. 

Example 25 4.17g of alumina added to an aqueous solution of 
0.63g of ZnCl2 and 0.2g of CuCl2 dihydrate in 10 ml of 
water. 

2g of each of these catalysts were tested at 
atmospheric pressure according to the procedure of examples 
1 to 7. 

The results of the study are shown as Z yields of 
1 , 1 , 1 f 2-tetraf luoroethane in Table 6 and demonstrate the 
beneficial effect of zinc/iron addition to alumina compared 
to the addition of any other metal and zinc to alumina. 
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TABLE 6 





EXAMPLE 


CATALYST 


REACTION TEMPERATURE ( °C ) 








350 


340 


330 


320 


5 


21 


6ZZn/1.5ZFe-A1203 


13.4 


9.4 


8.5 


5.4 




22 


6ZZn/1.5ZCo-A1203 


5.5 


4.7 


3.2 


2.8 


10 


23 


6ZZn/1.5ZNi-A1203 


5.1 


3.4 


2.8 


1.7 




24 


6ZZn/1.5ZMn-Al203 


4.7 


3.7 


2.5 


m 




25 


6ZZn/1.5ZCu-A1203 


3.5 


3.0 


2.3 


m 


15 


COMP: 


6 . 6ZZn-Al20 3 


8.1 


6.3 







EXAMPLES 26 and 27. 

4.98g of aluminium fluoride, prepared by the reaction 
of alumina (supplied by Harshaw Ltd) with 
hydrogen fluoride at 340°C for 48 hours, in the form of 
granules of size 0.5-1. 4mm and having a surface area of 
13m 2 /g was added to an aqueous solution of zinc (II) 
chloride (0.02g) in distilled water (5ml) and stirred to 
ensure thorough wetting of the solid by the solution. The 
mixture was then dried by direct heating and the resultant 
solid sieved to give particles of size 0.5-1. 4mm of a 
finished catalyst comprising 0.2Z w/w zinc on aluminium 
fluoride. The above procedure was repeated except that a 
zinc (II) chloride solution of increased concentration was 
used to give a finished catalyst of 0.5Z w/w zinc on 
aluminium fluoride. 
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2g of each of these catalysts were tested at 
atmospheric pressure according to the procedure of examples 
1 to 7. 

For purposes of comparison the activity of the 
unpromoted aluminium fluoride from which the promoted 
aluminium fluoride catalysts were prepared was also tested. 

The results of the study are shown as I yields of 
l»l,1.2-tetraf luoroethane in Table 7. 



TABLE 7 



EXAMPLE 


CATALYST 


REACTION 


TEMPERATURE (°C) 






340 


330 


320 


26 


0.2XZn-AlF 3 


1-8 


1.3 


0.9 


27 


0.5IZn-AlF 3 


1.9 


1.2 


0.9 


COMP: 


Al*3 


0.1 


0.1 


0.0 



EXAMPLE 28 and 29. 

In these examples, the procedure outlined below was 
carried out using the catalyst prepared in example 7 
(example 28) and example 11 (example 29). 

0. 67g of the catalyst was charged to a 1/4 ■ diameter 
Inconel reactor tube, dried at 300°C and activated by 
heating in a stream of hydrogen fluoride at a flow rate of 
20ml /minute for one hour. Trichloroethy lene and hydrogen 
fluoride were then fed to the reactor at atmospheric 
pressure, using a trichloroethylene shydrogen fluoride ratio 
of 1:20 and a contact time of 1 second. The activity of the 
catalyst was monitored at temperatures in the range between 
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210°C and 250°C and the results are shown as "Initial 
Activity- in Table 8. 

The temperature was then increased to 350°C for a 3 day 
period of continuous running. After this time, the 
temperature vas lowered to the range 210°C to 250°C and the 
catalyst activity monitored over this temperature range. The 
results are shown as -Activity after 3 days" in Table 8. The 
trichloroethylene and hydrogen fluoride feeds were then 
turned off and the catalyst was regenerated by heating the 
catalyst at 3S0°C in a stream of air at a flow rate of 
10ml /minute for 2 hours. After this time, the hydrogen 
fluoride and trichloroethylene flows were re-established at 
20ml /minute and lml/minute respectively and the catalyst 
activity monitored over the temperature range 210°C to 
250°C. The results are shown as "Activity after 
Regeneration" in Table 8. All results of the study are 
presented as Z yields of 1-chlor o-2 f 2 f 2- trif luoroe thane in 
Table 8 and demonstrate the beneficial effect on 
regeneration of iron addition to zinc promoted catalysts. 
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TABLE 8. 





EXAMPLE 


CATALYST 


REACTION 


TEMPERATURE /°C 


5 


28 


6.6Z 2XI-AI2O3 


250 


23 0 


210 






Initial activity. 


20.1 


13.7 


T.6 


10 




Activity after 3 hours. 


5.1 


3.3 


1.5 






Activity after regeneration 


5.7 


3.8 


2.0 


15 


29 


6Z Zn/0.5Z Fe-Al20 3 












Initial activity. 


70.2 


48.2 


33.4 


20 




Activity after 3 hours. 
Activity after regeneration 


32.6 
74.3 

i 


21.1 
51.7 


15.4 
35.8 
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CLAIMS . 

1. A chromium-free fluoridation catalyst comprising an 
activity promoting amount of zinc supported on an alumina, 

5 halogenated alumina or aluminium oxyhalide support. 

2. A catalyst as claimed in claim 1 wherein the amount of 
zinc is from about 0.5 2 by weight of the catalyst to about 
302 by weight of the catalyst. 

10 

3. A catalyst as claimed in claim 2 prepared by impregnation 
of alumina , halogenated alumina or aluminium oxyhalide with 
a water-soluble zinc salt and comprising from about 0.52 by 
weight to about 102 by weight of zinc. 

15 

4. A catalyst as claimed in claim 1 prepared by 
co-precipitating zinc hydroxide and aluminium hydroxide and 
thereafter converting the hydroxides to the oxides and in 
which the amount of zinc is from about 32 by weight to about 

2q 302 by weight of the catalyst. 

5. A catalyst as claimed in claim 1 in which the catalyst 
further comprises one or more metals other than zinc. 

^ 6. A catalyst as claimed in claim 6 in which the metal is 
selected from the group consisting of nickel, cobalt, 
manganese, iron and copper* 

7. A catalyst as claimed in claim 6 in which the amount of 
3o the metal(8) other than zinc is up to 2.02 by weight of the 
catalyst. 



A 



6. A catalyst as claimed in claim 9 in which the metal is 
iron . 



WO 93/16798 



- 24 - 



PCT/GB93/00244 



9. A catalyst as claimed in claim 8 in which the amount of 
zinc is at least 3Z by weight of the catalyst. 

10. A catalyst as claimed in claim 8 or claim 9 in which wtX 
ratio of zinc to iron is in the range from about 2*1 to 
about 80:1 

11. A catalyst as claimed in claim 3 comprising zinc in an 
amount at least 32 by weight of the catalyst and which 
further comprises from about 0.1Z to about 21 by weight 
iron. 

12. A catalyst as claimed in claim 4 which further comprises 
iron and in which the ratio (wtZ based on the weight of the 
catalyst) of zinc to iron is from 16:1 to 2:1. 

13. A catalyst as claimed in claim 4 which further comprises 
iron and in which the ratio (wtZ based on the weight of the 
catalyst) of zinc to iron is from about 16:1 to about 2:1. 

14. A process for the production of a fluorinated 
hydrocarbon comprising reacting a hydrocarbon or a 
halogenated hydrocarbon with hydrogen fluoride in the vapour 
phase in the presence of a fluorination catalyst as defined 
in any one of claims 1 to 13. 

15. A process as claimed in claim 14 in which the 
halogenated hydrocarbon comprises an alkene or alkane having 
from 1 to 4 carbon atoms and at least 1 chlorine atom. 

16. A process as claimed in claim 15 in which the 
halogenated hydrocarbon is selected from the group 
consisting of l-chloro-2 , 2 , 2- tr if luoroethane , 
trichloroethylene , l-chloro-2, 2-dif luoroethylene and 
perchloroethylene . 
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17. A process as claimed in claim 16 which comprises the 
steps (a) reacting trichloroethylene with hydrogen fluoride 
whereby to produce l-chloro-2 , 2 . 2- trif luoroethane and (b) 
reacting l-chloro-2 , 2 , 2- trif luoroethane from step (a) with 

5 hydrogen fluoride to produce 1,1,1,2-tetrafluoroethane, in 
which a catalyst as claimed in any one of claims 1 to 18 is 
employed in at least one of steps (a) and (b). 

18. A process as claimed in claim 17 which comprises the 
1Q steps of: 

(A) contacting a mixture of 

l-chloro-2 ,2, 2-trif luoroethane and hydrogen fluoride with a 
fluorination catalyst at a temperature in the range from 
about 280O C to about 450«>C in a first reaction zone to form 
15 a product containing 1,1,1,2-tetrafluoroethane and hydrogen 
chloride together with unreacted starting materials, 

(B) passing product of step A together with 
trichloroethylene to a second reaction zone containing a 
fluorination catalyst at a temperature in the range from 

2Q about 200°C to about 400O C but lower than the temperature in 
step A to form a product containing 

l-chloro-2. 2. 2- trif luoroethane. 1,1,1,2-tetrafluoroethane. 
hydrogen chloride and unreacted trichloroethylene and 
hydrogen fluoride; 
2 5 (c> treating product of step B to separate hydrogen 

chloride and 1,1,1,2-tetrafluoroethane from 

l-chloro-2, 2, 2-trif luoroethane , unreacted hydrogen fluoride 
and unreacted trichloroethylene, and 

(D) feeding l-chloro-2 , 2 , 2- trif luoroethane obtained 
3q from step C together with hydrogen fluoride to said first 
reaction zone (step A), in which at least one of the 
fluorination catalysts employed in step (A) and Btep (B) is 
• a chromium-free fluorination catalyst as claimed in any one 
of claims 1 to 18. 

35 
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19. A process as claimed in any one of claims 14 to 18 in 
which the catalyst is periodically regenerated by contact 
with air at a temperature from about 300°C to about 500°C. 
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